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ORIGINAL ARTICLE
The effects of 12 weeks’ resistance training on psychological parameters and
quality of life in adults with Facioscapulohumeral, Becker, and Limb–girdle
dystrophies
Dawn N. O’Dowda , Emma L. Bostockb , Dave Smitha, Christopher I. Morsea , Paul Ormec and Carl J.
Paytona
aResearch Centre for Musculoskeletal Science & Sports Medicine, Department of Sport and Exercise Sciences, Manchester Metropolitan
University, Manchester, UK; bPhysiology Research Group, School of Science and Technology, Nottingham Trent University, Nottingham, UK;
cPhysiotherapy Department, The Neuromuscular Centre, Winsford, UK
ABSTRACT
Purpose: Investigate the impact of 12-weeks’ moderate-intensity resistance training on psychological
parameters in ambulatory adults with Facioscapulohumeral, Becker, and Limb–girdle muscular dystrophy.
Methods: Seventeen adults with Facioscapulohumeral (n¼ 6), Limb–girdle (n¼ 6; types 2A, 2B, 2L, and
2I), or Becker (n¼ 5) muscular dystrophy took part. Participants were tested at baseline (PRE), after a 12-
week control period (PRE2), and after a 12-week supervised resistance training programme (POST).
Training included multi-joint and single-joint resistance exercises. Outcomes from self-report question-
naires were health-related quality of life, depressive symptoms, trait anxiety, self-esteem, and physical
self-worth.
Results: No difference in outcome measures, except depressive symptoms, was found in the control
period (PRE to PRE2). Symptoms of depression were reduced by 9% from PRE to PRE2 (p< 0.05) and by a
further 19% from PRE2 to POST (p< 0.05). Other changes from PRE2 to POST were that trait anxiety
reduced by 10%, self-esteem increased by 10%, physical self-worth increased by 20%, and quality of life
improved in 8 domains (p< 0.05).
Conclusion: These findings demonstrate the positive impact of moderate-intensity resistance training on
psychological health and quality of life in adults with Facioscapulohumeral, Becker, and Limb–girdle mus-
cular dystrophies.
 IMPLICATIONS FOR REHABILITATION
 Resistance training can have a positive impact on psychological health and quality of life in adults
with Facioscapulohumeral, Becker, and Limb–girdle muscular dystrophy.
 Healthcare professionals should consider including moderate-intensity resistance training within the
management and treatment programmes of adults with Facioscapulohumeral, Becker, and
Limb–girdle muscular dystrophy.
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Introduction
Muscular dystrophy (MD) represents a heterogeneous group of
neuromuscular conditions caused by mutations in various genes
[1]. These mutations cause an absence or decrease in one of the
many proteins typically located within the muscle cell [2], resulting
in progressive muscle weakness and deterioration. The molecular
basis of some MDs is better understood than others. Duchenne
and Becker MD (BMD) exhibit an absence or reduced expression of
the protein dystrophin in the plasma membrane of the muscle cell,
respectively [2,3]. This causes instability within the cell membrane
leaving muscle fibres susceptible to damage during contraction [4].
The molecular basis of Facioscapulohumeral MD (FSHD) was long
debated but the consensus now exists that inappropriate expres-
sion of the protein DUX4 within skeletal muscle causes
deterioration through mechanisms, such as apoptosis and dimin-
ished muscle regeneration [5,6]. No universal mechanism for
muscle deterioration exists in Limb–girdle MD (LGMD) as it encom-
passes more than thirty subtypes. Each subtype affects a distinct
protein within the sarcolemma, cytosol, or nucleus of the muscle
cell, but it is probable that most LGMDs result in membrane
instability akin to Duchenne and BMD [7]. FSHD, BMD, and LGMD
differ in genotype and presentations of physical impairment, but
each results in progressive reductions in muscle strength and phys-
ical function [8].
While muscle weakness generates a multitude of physical chal-
lenges for those living with FSHD, BMD, and LGMD, the psycho-
logical aspects of living with a long-term condition can be
equally, if not more, challenging. Various authors have reported
CONTACT Dawn N. O’Dowd d.odowd@mmu.ac.uk Department of Sport and Exercise Sciences, All Saints Building, Manchester Metropolitan University,
Manchester, M15 6BH, UK
 2021 Manchester Metropolitan University. Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),




poorer psychological health in adults with FSHD, LGMD, and/or
BMD compared to normative reference values or control groups,
including greater symptoms of depression [9–11] and higher trait
anxiety [11]. Furthermore, numerous studies have documented
poorer quality of life (QoL) in adults with FSHD, BMD, and/or
LGMD [10,12–14], in both physical (e.g., physical function, role
physical, bodily pain, and general health) and mental (e.g., social
function, role emotion, mental health, and depressive moods)
QoL domains.
Resistance training (RT) is a form of exercise that has been
shown to positively influence mental health and QoL in a range
of clinical populations. QoL was improved post-RT in adults with
Parkinson’s disease [15], older adults [16], patients with chronic
heart failure [17], and multiple sclerosis [18], to name a few.
Symptoms of depression or anxiety were improved post-RT in
older adults, breast cancer patients, and adults with osteoarthritis
[19]. Furthermore, RT has also been shown to improve self-per-
ceptions in clinical populations. Global self-esteem and physical
self-worth increased post-12 weeks’ RT in obese women [20]. RT
may also elicit beneficial effects on mental health, QoL, and self-
perceptions in adults with MD, but this is yet to be investigated
in any depth. One study considered the influence of a group exer-
cise to music programme on QoL in adults with myotonic MD but
reported no effect of the 14-week programme [21]. However, the
exercise programme was fundamentally an efficacy programme
that did not induce any improvement in physical function. The
lack of research in this area is likely due to historical discourage-
ment of RT in individuals with MD [22].
The discouragement of RT in dystrophic populations stemmed
from concerns that RT could cause extensive damage during con-
traction in dystrophic muscle [4]. Such caution originated from
findings of greater damage in dystrophic than healthy muscle fol-
lowing exposure to maximal eccentric contractions in the mdx
mouse model of Duchenne MD [23]. Despite being specific to
dystrophin-deficient muscle, these findings promoted discourage-
ment of resistance exercise across each type of MD. However, a
recent meta-analysis reported that whilst muscular exercise was
not found to be associated with strength improvements in mus-
cular dystrophy, it was not harmful [24]. Additionally, numerous
recent studies that were not included within this meta-analysis
demonstrate increased muscle strength or physical function fol-
lowing low to moderate intensity resistance exercise in ambula-
tory boys with Duchenne MD (isometric leg resistance exercises)
[25], mdx mice (isometric contractions) [26], Myotonic dystrophy
type 1 (multi-joint resistance exercises) [27], and Myotonic dys-
trophy type 2 (full-body resistance programme) [28]. Furthermore,
in adults with FSHD, BMD, and LGMD, our primary study found
positive effects of 12 weeks’ moderate-intensity RT on muscle
strength and physical function, using a 13% increase in knee flex-
ion maximum voluntary contraction torque and a 36, 18, and 24%
reduction in the time taken to perform a sit-to-stand, stair ascent
and stair descent task, respectively [29].
Given the known psychological benefits of RT in other popula-
tions and the improvements we reported in strength and physical
function post-RT in adults with FSHD, BMD, and LGMD [29], the
current paper will explore the impact of RT on psychological
parameters in the same group of participants. Therefore, this
study aims to examine the impact of 12-weeks’ moderate-inten-
sity RT on QoL, depressive symptoms, trait anxiety, self-esteem,
and physical self-worth in adults with FSHD, BMD, and LGMD.
Method
Participants
Seventeen adults with three variants of MD (FSHD, BMD, and
LGMD) took part. The specific types of LGMD were 2A (n¼ 2), 2B
(n¼ 2), 2I (n¼ 1), and 2L (n¼ 1). Participants were recruited from
The Neuromuscular Centre (Winsford, UK) where they regularly
(weekly, bi-weekly, or monthly) received physiotherapy consisting
of passive stretching activities for 1 h. Participant characteristics
for each MD group and a grouped average for MD are presented
in Table 1. In line with other studies that have grouped multiple
MDs for analysis, such as FSHD and LGMD [30] and BMD and
LGMD [31], we have combined all participants as “adults
with MD.”
All participants were considered ambulatory (able to walk at
least 7 m, with or without assistive walking aids), were of sound
intellectual status, and were in otherwise good health without
any uncontrolled co-morbidity or cardiac issues. Participants had
not previously undertaken structured RT and self-reported that
they did not undertake more than 1 h of intense physical activity
or 3 h of low-moderate physical activity per week (according to
their interpretation of intense and moderate physical activity).
The Manchester Metropolitan University Ethics Committee
granted ethical approval and all participants provided written
informed consent before participating in the study. All procedures
complied with the World Medical Association Deceleration of
Helsinki [32].
Procedures
Participants attended three repeat testing sessions, which were
identical between participants and sessions. Baseline measures
were taken at the initial testing session (PRE), followed by a
second testing session 12weeks later (PRE2). Between PRE and
PRE2 participants were asked to maintain their habitual physical
activity and prescribed physiotherapy sessions, which provided a
control period. After PRE2, participants completed a 12-week RT
programme of moderate-intensity followed by a third testing ses-
sion (POST) within 2weeks of completing the RT. The participants
acted as their controls because of the progressive nature of MD
and the inherent variance within the conditions. Although not as
robust as randomised control trials, this single-arm non-crossover
design (where participants act as their control) is encouraged for
Table 1. Participant characteristics and anthropometrics at baseline (PRE) for each MD group and the combined MD group.
MD FSHD LGMD BMD
n 17 6 6 [typesa: 2A (2), 2B (2), 2I (1), 2L (1)] 5
Sex Male: 13, Female: 4 M: 4, F: 2 M: 4, F: 2 M: 5
Age (years) 44 ± 11 43 ± 12 47 ± 11 40 ± 8
Stature (m) 1.77 ± 0.09 1.80 ± 0.05 1.71 ± 0.09 1.80 ± 0.09
Body mass (kg) 87.9 ± 17.3 90.1 ± 14.9 82.0 ± 19.4 92.3 ± 19.0
MD: muscular dystrophy; FSHD: facioscapulohumeral; LGMD: limb–girdle; BMD: Becker.
Data are presented as mean ± SD.
aData are expressed as type of LGMD (number of participants).
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longitudinal interventions in heterogenous populations like the
current one [33]. This study design mitigates the possible variabil-
ity of the training response within a population and it is consist-
ent with previous RT studies [34].
The 12-week, twice a week, supervised RT programme has
been described previously [29] and resulted in significant
improvements in maximum knee flexion strength, sit-to-stand
time, stair ascent time, and stair descent time, in the same cohort
of participants under study.
In short, the RT programme was progressive, at a moderate
intensity, and individual to each participant’s needs and functional
capability. It included a 5-min warm-up, 5-min of balance training,
four resistance exercises that were the same for all participants,
and six resistance exercises that were specific to each participant.
The four resistance exercises that all participants completed were
two multi-joint exercises (step-ups and freestanding or assisted
squats) and seated knee flexion and knee extension on a knee
extension and leg curl machine (Pro Heavy Duty, XS Sports). Step-
ups were onto a box of various heights (specific to each ability)
and were progressive. Squats were assisted by placing a Swiss
ball between the wall and the lower back to support posterior
balance, or they were completed on an adapted physiotherapy
treatment bed that enabled a squat like movement (simultaneous
flexion and extension of the hip, knee, and ankle joint) to be
undertaken whilst lay on a plinth at any gradient between hori-
zontal and vertical. The training load (i.e., the proportion of body-
weight involved in the squat-like movement) was increased by
increasing the gradient of the plinth. A visual representation and
detailed description of this have been provided previously [29].
Subsequently, six individual resistance exercises were undertaken.
These were single-joint exercises selected by the research team,
which were based on a needs analysis that was undertaken for
each participant at PRE. They included variations of hip flexion,
hip extension, plantar flexion, dorsiflexion, hip abduction, hip
adduction, hip internal rotation, or hip external rotation exercises.
For the first 3weeks, participants completed two sets of 10
repetition maximums (RM) for each exercise, thereafter three sets
of 10 RM were completed. Participants completed each exercise
repetition at a velocity of 2 s concentric and 4 s eccentric [35],
with 1-min rest between sets. The 10RM training load was
checked every 3weeks and increased if the participant could lift
the current load for 12 repetitions. This load and volume are con-
sistent with other MD training studies [31,36,37] and what is
advised by The American College of Sports Medicine [38].
Participants were instructed to complete each exercise through a
full range of movements. If participants were unable to do this,
due to the weight of their body or limb, assistance was given
manually by the investigator or using rubber exercise bands.
Alternatively, the movement was completed in a gravity-neutral
position, such as knee flexion in a side-lying position.
Outcome measures
Health-related quality of life – the 36-item short-form health sur-
vey version 2
The Short Form Health Survey has 36 questions on functional
health and well-being, which assess QoL from the participant’s
perspective [39]. Participants rated themselves on a multiple-
choice scale per question. The answers are summarised into four
physical domains (Physical Function, Role Physical, Bodily Pain,
and General Health), four mental domains (Vitality, Social
Function, Role Emotion, and Mental Health), and two-component
health scores (Physical Component score and Mental Component
score). Scores range between 0 and 100 on each domain. Higher
scores indicate better QoL. The scale has excellent test-retest reli-
ability with intraclass correlation coefficients (ICC) above 0.80 [39].
Depressive symptoms – The Beck Depression Inventory
The Beck Depression Inventory is a self-report questionnaire with
21 multiple-choice questions that measure depressive symptom
severity. It has excellent reliability, with a test-retest ICC of 0.96
[40]. Participants score each question from 0 (least) to 3 (most),
with a total sum score indicating overall depressive symptom
severity from 0 to 63. Higher scores indicate increased severity of
depressive symptoms. The cut scores are as follows: 10 indicates
zero to minimal depressive symptoms, 11–20 indicates mild
depressive symptoms, 21–30 indicates moderate depressive symp-
toms, and 31 indicates severe depressive symptoms.
Trait anxiety – State-Trait Anxiety Inventory
The trait subscale of the State-Trait Anxiety Inventory [41] is a
multiple-choice questionnaire that measures trait anxiety (a pre-
disposition to long-lasting and persistent feelings of anxiety that
are not restricted to particular circumstances). The trait sub-scale
has excellent test-retest reliability, with a reported ICC of 0.86
[41]. The scale includes 20 statements for participants to score
between 1 (not at all) and 4 (very much so) to indicate how they
feel generally. Total scores can range between 20 and 80, with
higher scores indicating more severe trait anxiety.
Self-esteem – Rosenberg Self-Esteem Scale
The Rosenberg Self-Esteem Scale is a measure of global self-
esteem [42] that has excellent reported reliability, with an ICC of
0.90 [43]. It has 10 questions that assess positive and negative
feelings towards the self. Participants rate themselves on a 4-point
Likert scale, with total scores ranging from 10 to 40. The higher
the score the higher their self-esteem.
Physical self-worth – The Physical Self-Perception Profile
The Physical Self-Perception Profile is a reliable (test-retest ICCs
between 0.74 and 0.91) self-report questionnaire [44]. It has 30
questions that assess physical self-worth in the global domain
and self-perceptions in four sub-scales: sport competence, body
attractiveness, physical strength, and physical conditioning and
exercise. An additional eight questions provide a measure of the
importance attached by the participant to each of the four
sub-scales.
Data analysis
Each questionnaire was scored according to the relevant manual
and analysed in Microsoft Excel. QoL data were scored using
Health Outcomes Scoring Software 4.5 (Quality Metric Health
OutcomesTM, Lincoln, UK). Self-esteem and physical self-worth
data were omitted for one participant as The Rosenberg Self-
Esteem Scale and Physical Self-Perception Profile were not com-
pleted by this participant at PRE.
Statistical analysis
All statistical analysis was completed using IBM SPSS Statistics 24
software. The critical level of significance was set at p 0.05. Data
are presented as means ± standard deviations.
Data are grouped as one MD group rather than three separate
groups, as has been done previously [31]. Data were checked
against the parametric assumptions. For parametric data,
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differences between the testing sessions (PRE, PRE2, and POST)
were analysed using a one-way repeated measures ANOVA, with
the least significant difference pairwise comparisons where appro-
priate. If data did not pass Mauchly’s test of sphericity (p< 0.05),
a Greenhouse-Geisser correction was applied. From the ANOVA,
the observed power was also reported. Variables that violated
parametricity were compared between testing sessions using
Friedman’s ANOVA. In these cases, Wilcoxon signed-rank tests
were used post-hoc to determine the source of significant effects,
with the critical level of significance adjusted for multiple compar-
isons using the Bonferroni adjustment method (0.05/3) so that
significance was accepted if p 0.017. Physical self-worth data in
the following domains violated the parametric assumption of the
normal distribution: Sport, Strength, Body, Sport Importance,
Strength Importance, Body Importance, and Condition
Importance. Quality of life data in the following domains violated
the parametric assumption of the normal distribution: Physical




Age, stature, and body mass did not significantly differ between
the MD sub-groups at PRE (p> 0.05; Table 1). Body mass did not
significantly change (p> 0.05) between repeat testing sessions
(PRE: 87.9 ± 17.3 kg; PRE2: 89.2 ± 19.0 kg; POST: 88.1 ± 18.1 kg).
Mean adherence to the RT programme was 97%, with no adverse
effects reported by participants. Thirteen participants completed
all 24 training sessions, two participants completed 23 sessions,
one participant completed 22 sessions, and one participant com-
pleted 18 training sessions. Data for all 17 participants were
included in the analysis, regardless of the number of training ses-
sions completed.
Health-related quality of life
A main effect of testing session was found in the Physical
Component score (p¼ 0.005, observed power of 0.86), Mental
Component score (p¼ 0.048, observed power of 0.60), Physical
Function (p¼ 0.023), Role Physical (p¼ 0.002, observed power of
0.92), Bodily Pain (p¼ 0.024, observed power of 0.70), General
Health (p¼ 0.003, observed power of 0.91), Vitality (p< 0.001,
observed power of 0.98), and Social Function domains (p¼ 0.012).
No significant difference was found in the Role Emotion
(p¼ 0.052) or the Mental Health (p¼ 0.061) domains between
testing sessions (Table 2).
Post-hoc analysis showed that the Physical Component score did
not differ between PRE and PRE2 (p> 0.05) but increased by 11%
from PRE to POST (p¼ 0.016) and by 15% from PRE2 to POST
(p¼ 0.004). The Mental Component score did not differ between PRE
and PRE2 (p> 0.05) but increased by 10% from PRE to POST
(p¼ 0.038) with no significant difference between PRE2 and POST
(p¼ 0.071). Physical Function did not differ between PRE and PRE2
(p> 0.017) but increased by 41% from PRE to POST (p¼ 0.003) with
no significant difference between PRE2 and POST (p¼ 0.052). Role
Physical did not differ between PRE and PRE2 (p> 0.05) but increased
by 33% from PRE to POST (p¼ 0.003) and by 25% from PRE2 to
POST (p¼ 0.003). Bodily Pain did not differ between PRE and PRE2
(p> 0.05) or between PRE and POST (p> 0.05) but increased by 29%
from PRE2 to POST (p¼ 0.013). General Health did not differ between
PRE and PRE2 (p> 0.05) but increased by 20% from PRE to POST
(p¼ 0.012) and by 27% from PRE2 to POST (p¼ 0.004). Vitality did
not differ between PRE and PRE2 (p> 0.05) but increased by 26%
from PRE to POST (p¼ 0.006) and by 32% from PRE2 to POST
(p< 0.001). Social Function did not differ between PRE and PRE2
(p> 0.017) but significantly increased by 32% from PRE to POST
(p¼ 0.002) and by 25% from PRE2 to POST (p¼ 0.008).
Depressive symptoms
Depressive symptoms were significantly different between testing
sessions (p¼ 0.010, observed power of 0.79, Figure 1). Depressive
symptoms decreased by 9% from PRE to PRE2 (p¼ 0.009), by 26%
from PRE to POST (p¼ 0.005), and by 19% from PRE2 to
POST (p¼ 0.048).
Trait anxiety
Trait anxiety was significantly different between testing sessions
(p¼ 0.015, observed power of 0.76, Figure 1). Trait anxiety did not
significantly differ between PRE and PRE2 (p> 0.05). Trait anxiety
decreased by 11% from PRE to POST (p¼ 0.016) and by 10% from
PRE2 to POST (p¼ 0.049).
Self-esteem
Self-esteem significantly differed between testing sessions (p¼ 0.004,
observed power of 0.89, Figure 1). Self-esteem did not differ between
PRE and PRE2 (p> 0.05). Self-esteem increased by 14% from PRE to
POST (p¼ 0.001) and by 10% from PRE2 to POST (p¼ 0.038).
Physical self-worth
Global physical self-worth significantly differed between testing
sessions (p¼ 0.023, observed power of 0.70, Table 3). Global
Table 2. Quality of life in each domain for PRE, PRE2, and POST.
PRE PRE2 POST
Physical function 22 ± 18 25 ± 17 31 ± 19
Role physical 52 ± 27 55 ± 30 69 ± 25$
Bodily pain 55 ± 28 49 ± 30 63 ± 24$
General health 51 ± 21 48 ± 22 61 ± 23$
Vitality 43 ± 20 41 ± 21 54 ± 18$
Social function 60 ± 29 63 ± 34 79 ± 26$
Role emotion 73 ± 26 69 ± 34 84 ± 18
Mental health 68 ± 19 68 ± 19 77 ± 15
Physical component score 35 ± 8 34 ± 8 39 ± 7$
Mental component score 50 ± 12 51 ± 13 55 ± 8
Maximum score in each domain is 100. Data are presented as mean ± SD.Represents a significant difference from PRE.
$Represents a significant difference from PRE2.
Table 3. Global and domain specific physical self-worth for PRE, PRE2,
and POST.
Domain/max score PRE PRE2 POST
Global/24 10 ± 3 10 ± 3 12 ± 3$
Sport competence/24 9 ± 3 9 ± 3 10 ± 3
Sport competence importance/8 4 ± 1 4 ± 1 5± 1$
Physical condition/24 11 ± 3 11 ± 2 13 ± 2$
Physical condition importance/8 5 ± 1 5 ± 1 6± 1
Body attractiveness/24 11 ± 3 11 ± 3 12 ± 3$
Body attractiveness importance/8 5 ± 1 5 ± 1 5± 1
Physical strength/24 8 ± 3 8 ± 2 10 ± 3
Physical strength importance/8 5 ± 1 5 ± 1 5± 1
Data are presented as mean ± SD.Represents a significant difference from PRE.
$Represents a significant difference from PRE2.
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physical self-worth did not differ between PRE and PRE2
(p> 0.05). Global physical self-worth increased by 20% from PRE
to POST (p¼ 0.043) and by 20% from PRE2 to POST (p¼ 0.023).
Findings were varied in the distinct domains of physical self-
worth (Table 3). No difference between testing sessions was
found in the sport competence domain, physical strength domain,
physical condition, and exercise importance domain, body attract-
iveness importance domain, or the physical strength importance
domain (p> 0.05). The main effect of the testing session was
found in three domains; physical condition and exercise
(p 0.001, observed power of 0.99), body attractiveness
(p¼ 0.023), and sports competence importance (p¼ 0.004).
Post-hoc tests showed that physical self-worth in the physical
condition and exercise domain did not differ between PRE and PRE2
(p> 0.05), increased by 18% (p¼ 0.004) from PRE to POST and
increased by 18% (p¼ 0.001) from PRE2 to POST. Post-hoc tests
showed that physical self-worth in the body attractiveness domain
did not differ between PRE and PRE2 (p> 0.017) or between PRE
and POST (p> 0.017) but increased by 9% from PRE2 to POST
(p¼ 0.008). Post-hoc tests showed that physical self-worth in the
sport competence importance domain did not differ between PRE
and PRE2 (p> 0.017) or between PRE and POST (p> 0.017) but
scores increased by 25% from PRE2 to POST (p¼ 0.004).
Discussion
This study examined the influence of a 12-week, twice-a-week,
moderate-intensity RT programme on psychological health and
QoL in a group of ambulatory adults with FSHD, BMD, and LGMD.
Beneficial effects of the RT programme were evident in QoL, the
severity of depressive symptoms, trait anxiety, and levels of self-
esteem and physical self-worth.
In the present study, QoL improved in numerous physical and
mental domains (Role Physical, Bodily Pain, General Health, Vitality,
Social Function, and the Physical Component score) from immediately
before to post completion of the RT programme (PRE2 – POST), com-
pared to stable values during the 12-week control period (PRE –
PRE2). These improvements ranged between 15 and 32% and provide
evidence that supports the effectiveness of moderate-intensity RT to
improve QoL in adults with these MDs (FSHD, BMD, and LGMD). This
finding of a positive impact of RT on QoL differs from that reported
in adults with myotonic dystrophy following completion of a 14-week
group exercise to music programme [21]. This discrepancy between
studies is likely due to the type of MD studied and the focus on effi-
cacy and adherence to group exercise in the earlier study in myotonic
dystrophy. It is well-accepted that myotonic dystrophy differs vastly
from the other eight types of MD because it affects nearly every sys-
tem in the body [3]. In addition, the moderate intensity of the RT
used in our study induced physical [29] and mental health improve-
ments, adaptations that were not reported in the study in myotonic
dystrophy. It is likely that the low intensity of the previous training
study [21], with no improvements in functional outcomes, reflects the
nature of their investigation into exercise adherence and efficacy.
Indeed, the dose-response and intensity response of RT on mental
health outcomes is established in other populations [45] and may
explain the disparity between ours and the previous study.
Several QoL parameters, such as the Mental Component score
and Physical Function domain, improved from PRE to POST but did
not statistically differ in the control period (PRE to PRE2) or the RT
period (PRE2 to POST). This can be explained by small but non-sig-
nificant improvements between PRE and PRE2, which rendered the
magnitude of change between PRE2 and POST insufficient to reach
significance. This suggests that improvements in these QoL parame-
ters from PRE to POST were due to the combined effects of enrol-
ment on the study itself and the RT programme.
In terms of mental health, symptoms of depression and trait
anxiety were reduced by 19 and 10% from immediately before to
post-completion of the present RT programme, respectively.
During the initial 12-week control period, between PRE and PRE2,
trait anxiety scores remained stable. However, symptoms of
depression were reduced by 9% during the control period. It is
possible that symptoms of depression were influenced purely by
enrolment onto the study, an outcome measure well-known to be
improved from placebo interventions [46]. Nevertheless, it is
important to highlight that symptom of depression were reduced
by a greater amount (19%) from immediately before to post-RT
(PRE2 to POST), compared to the reduction found during the con-
trol period (9%). These findings are in line with studies in other
clinical populations that also report reductions in symptoms of
depression or anxiety post-RT, such as older adults, breast cancer
patients, and adults with osteoarthritis [19].
Our RT programme had a positive effect on participant’s self-
perception, which agrees with previous research that reported
Figure 1. Depressive symptom severity (a), trait anxiety (b), and self-esteem (c)
score at PRE, PRE2, and POST completion of the resistance training programme.
Data are presented as mean ± SD. Represents a significant difference from PRE
and $represents a significant difference from PRE2.
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improved self-esteem and physical self-worth post-RT in an obese
population [20]. Our data show that global self-esteem increased
by 10% from immediately before to post-completion of the RT
programme, with no change during the 12-week control period.
Global physical self-worth increased by 20% from immediately
before to post-completion of the RT programme, again with no
change during the 12-week control period.
With regards to the specific domains of physical self-worth,
changes following the RT programme were found in the physical
condition and exercise and body attractiveness domains. Self-per-
ceptions in these two areas increased by 18 and 9%, respectively,
with no change during the control period. The importance placed
on these two domains did not differ post-RT, which highlights
that the participants’ self-perceptions in these two areas improved
but the relative importance they placed on these areas remained
the same. The final domain of physical self-worth that changed
from immediately before to post-RT was sport competence
importance, which increased by 25%. Thus, self-perceptions of
sport competence remained stable, but participants placed more
importance on their perceived sport competence post-RT. It is not
clear why more importance was attached to the sport compe-
tence domain post-RT, but it may be due to greater exposure to
an active environment through participation in the RT programme
itself. Although heightened importance of each domain reduces
overall physical self-worth, this finding together with increased
perceptions of physical condition and body attractiveness may
help individuals to continue with the RT programme, or other
physical activities, long term, since they now attach more import-
ance to an area related to sport.
This study is novel in the finding that 12-weeks of moderate-
intensity RT can improve psychological parameters and QoL in a
population of adults with FSHD, BMD, and LGMD. The results pro-
vide support for the inclusion of moderate-intensity RT in the
management and treatment of ambulatory adults with FSHD,
BMD, and LGMD. The clinical implications of the current findings
are that RT may be an innovative approach to improve psycho-
logical health and QoL in adults with FSHD, BMD, and LGMD.
Alongside previous research that has shown RT to improve
muscle strength and/or functional performance in Duchenne MD
[25], Myotonic MD [27,28] and the same participants as the cur-
rent study [29], this study provides further evidence of the posi-
tive role of moderate-intensity resistance training in the
management of FSHD, BMD, and LGMD. From a holistic perspec-
tive, RT may be an effective tool to enhance the health of adults
living with FSHD, BMD, and LGMD. Future research should seek to
examine whether baseline characteristics, such as muscle strength
and years since disease onset, influence psychological improve-
ments post-resistance training in adults with these conditions.
It is important to note the main limitations of the current
study. The participants comprised three types of MD (FSHD, BMD,
and LGMD) who were grouped to represent ambulatory adults
with MD. Although no evidence exists at present to suggest that
these three types of MD will exhibit different training adaptations,
future studies should seek to establish the influence of RT on
each type of MD in isolation. In addition, the FSHD and LGMD
groups included a greater number of males than females. As
such, there is less confidence in the findings when applied to
females with these MD conditions. Further research with a larger
sample of participants and an equal proportion of males and
females would be advantageous to substantiate these findings.
To conclude, our data demonstrate the beneficial effects of a
12-week, twice a week, moderate-intensity RT programme com-
pared to a control period on QoL, depressive symptoms, trait
anxiety, self-esteem, and physical self-worth in ambulatory adults
with FSHD, LGMD, and BMD. The findings support the inclusion of
moderate-intensity RT in the management and treatment pro-
grammes of adults with FSHD, BMD, and LGMD.
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